Genotoxic properties of the essential oils extracted from Artemisia dracunculus (tarragon), Ocimum basilicum (basil), Cinnamomum loureirii (cinnamon), Laurus nobilis (laurel), Satureja montana (savory) and Rosmarinus officinallis (rosemary) are studied by Drosophila melanogaster Somatic Mutation and Recombination Test (SMART). The high bioactivation crossed with a high cytochrome P450-dependent bioactivation capacity is used. This assay is principally based on the loss of heterozygosity of the suitable recessive markers' multiple wing hairs (mwh) and flare-3 (flr 3 ) which can lead to the formation of mutant clones of larval cells, and which are then going to be expressed as spots on the wings of adult flies. Third-instar larvae are treated for 48 hr with different concentrations of the essential oils dissolved in Tween-80 at 0.2% or 2%. The wings of the emerging adults are analyzed for the occurrence of different types of mutant spots. No statistically significant differences in spot frequencies between negative controls and treated series are observed. These results suggest that the six essential oils at concentrations tested are not genotoxic towards somatic cells of D. melanogaster.
Introduction
Essential oils are natural volatile substances found in a variety of plants' particular fragrance. They are products of the secondary metabolism of plants, and generally are fragrant volatile materials consisting of a complex mixture of which the most common constituents are the monoterpene hydrocarbons, oxygenated monoterpenes, sesquiterpene hydrocarbons, oxygenated sesquiterpenes, benzene derivatives, and non-isoprenoid components including alcohols, aldehydes and ketones. The flavor-imparting essential oils' content of the spices, herbs and leafy vegetables is important and can represent more than 5% of their fresh mass [1] . The essential oils can be isolated from several parts of plant usually by using the distillation method.
Essential oils have been widely used in traditional medicine, as food additives or food preservatives as well as in aromatherapy and in the industries of perfumes and cosmetics. Over the last couple of years, there has been an increasing interest in the use of the essential oils as a large number of them have been investigated for their biological activities. Indeed, the antimicrobial properties of essential oils and their constituents against some bacteria and fungi are described in more than 500 reports [2] . Moreover, the antiphlogistic, cough-relieving and spasmolytic effects of essential oils have been observed in experimental animals [3] . Also the essential oils can play a significant role as antioxidant [4] , insecticide [5] anti-inflammatory and antinociceptive [6] . Furthermore, the hepatoprotective [7] and anticarcinogenic activities of specific essential oils were revealed [8] . However, only few papers contain data on their toxicity, and less about their chronic toxicities such as teratogenesis, carcinogenesis and mutagenesis. Though, it must be noted that studies on genotoxicity of individual components of essential oils are much more abundant, about 30 constituents of essential oils, mainly monoterpenes and alkenylbenzenes, have been tested for their genotoxicity. About one-third of them have shown a genotoxic effect in one or several genotoxicity tests [9] .
Based on this preliminary information, and led by our consistent interest to assess the genotoxic profile of our natural essences [10] - [12] , the aim of the present study was to investigate the genotoxicity of six essential oils frequently used in aromatherapy by the Somatic Mutation and Recombination Test (SMART) in Drosophila melanogaster.
Genotoxicity tests were developed to detect genotoxic substances and to assess the genetic hazard of chemicals to humans. The tests in Drosophila melanogaster present undoubted advantages: they are an in vivo system that uses a eukaryotic organism with metabolic machinery similar to that found in mammalians cells [13] and which the genome sequencing has shown that half of the identified protein sequences are similar to the mammalian proteins [14] . On the other hand, those assays are also characterized by their rapidity as compared with that of prokaryotic or unicellular in vitro tests [15] .
The SMART is a sensitive short-term assay for the detection of somatic mutation and mitotic recombination [13] . It has been widely used in both version based on eye or wing marker [16] [17] . In both cases loss of heterozygosity leads to uncovering and expression of the recessive marker gene(s) in the larval imaginal disc cells. The SMART assay has been extensively validated and a hundred of compounds and complex mixtures have been analysed since the assay was developed [18] .
The SMART system using wing tissue is based on the markers mwh (multiple wing hairs) and flr (flare) and takes advantage of the possibility to expose and analyze a large number of cells: approximately 25,000 cells in one wing [19] . If a genetic alteration occurs in larvae, this alteration will form a clone of mutant cells that can be detected as a spot of mutant cells on the body surface of the adult flies [19] . Single spots, either mwh or flr, can be produced by somatic point mutations or deletions and may also result from aneuploidy or chromosome loss [13] [20] . Single mwh spots also arise from recombination between the mwh and flr loci. Twin spots, consisting of both mwh and flr subclones are originated exclusively from mitotic recombination [13] [20] . All of these mutational events detected by the wing SMART assay well permit to measure mutagenic damage that could be induced by the essential oils tested.
Material and Methods

Essential Oils and Plant Material
Oils of Cinnamomum loureirii (cinnamon), Artemisia dracunculus (tarragon), Laurus nobilis (laurel), Ocimum basilicum (basil), Rosmarinus officinallis (rosemary), and of Satureja montana (savory) are provided by PRANAROM International Company, Belgium. The plants were collected from different geographic areas in the world and are listed in Table 1 by plant species, common names as well as part used.
Extraction and Identification of Essential Oils
The essential oils were extracted by steam distillation. This was performed at a low pressure without chemical descalers. The essential oils analyses were carried out by GC/MS using a Hewlett-Packard GCD system. HP-INNOWAX capillary column (60 m × 0.25 mm, 0.5 µm film thickness) was used with helium as carrier gas with flow 22 -25 psi. GC oven temperature was held at 50˚C for 6 min, then programmed at 2˚C/min to 250˚C and then held at this temperature for 20 min. The injector and detector temperatures were 250˚C and 280˚C, respectively, injection in split mode, volume injected 1 µl of a solution 5/100 in hexane of the oil. Automatic calibration of the masses by autotuning was used in MS. Mass range was from m/z 30 to 350. Library search was carried out using the combination of NKS library with 75,000 spectra and a personnel aromatic library. Table 2 lists the oils major components obtained by gas chromatography analysis.
Mutagenicity Assay
For mutagenicity testings, the essentials oils were dissolved in the Tween-80 at 0.2% or 2% depending on the solubility of the oils. The essential oils were administered to Drosophila larvae at different concentrations, ranging from 0.025% to 0.3%. Solutions were always freshly prepared immediately before use. The solvents are also used as negative controls. Urethane (CAS registry number: 51-79-6) was used as positive control. [21] . The mwh strain is homozygote for the wing cell marker multiple wing hairs (mwh, 3 -0.3). The flr 3 /TM3 strain contains the wing cell marker allele flare3 (flr 3 , 3 -38.8) and the balancer chromosomes TM. More detailed information on genetic markers and descriptions are given by Lindsley and Zimm [22] .
Drosophila Stocks and Cross
Experimental Procedures
Eggs from the high bioactivation were collected for 8h in culture bottles containing the live fermenting yeast. After 72 ± 4 h, the larvae were collected off the food with a 20% NaCl solution. The larvae were transferred to individual vials containing 1.5 g of food prepared from Drosophila Instant Medium (Carolina Biological Supply) hydrated by 5 ml of the essential oils dissolved in Tween-80 at different concentrations. The larvae were fed on this medium for the rest of their development which corresponds to a chronic treatment of approximately 48h until pupation. Negative solvent controls were included in all treatments. All experiments were conducted at 25˚C and 65% relative humidity.
The hatched flies were collected from the treatment vials and flies of the trans-heterozygous (mwh flr + /mwh + flr) genotype were stored in 70% ethanol. The wings of adult flies were mounted on slides and scored under 400× magnification for the presence of cell clones showing malformed wing hairs. Such spots appeared as single spots expressing either the multiple wing hair (mwh) or flare (flr) phenotype or as twin spots with adjacent mwh and flr areas.
Data Evaluation and Statistical Analysis
For the evaluation of the recorded genotoxic effects, the frequencies of spots per fly of a treated series were compared to its concurrent negative control. Statistical analyses have been conducted using a Chi-square test. 
Results
Before starting the genotoxicity experiments, toxicity is evaluated in the first instance in order to determine the concentrations that are going to be tested in the wing spot test. The toxicity shown in Table 3 was measured by determining the fraction of the larvae developing to adulthood in comparison with negative controls. All six essential oils tested present toxicity in 48h larval feeding experiments at different degrees. At a concentration of 0.3%, the essential oils of Artemisia dracunculus, Ocimum basilicum and Cinnamomum loureirii were shown to be very toxic for larvae and no adult flies survived. The essential oil from Satureja montana was less toxic at this concentration. For their part, Laurus nobilis and Rosmarinus officinalis presented weak toxicity at 0.3%. The results of the genotoxicity study obtained with the six essential oils in the Drosophila wing spots test after chronic exposure are shown in Table 4 . The spot data for small single spots, large single spots and twin spots Table 3 . Toxicity of the essentials oils tested expressed in % of lethality of the treated larvae. together with the total number of spots are presented. Different concentrations of each compound were assessed using larvae of the high bioactivation cross. The compounds were dissolved in Tween-80 0.2% or Tween-80 2%. Urethane was dissolved in distilled water. For each essential oil, the treated series were compared with the nega-tive control corresponding to the pooled results of the spontaneous mutations detected for the corresponding solvent used. The spontaneous frequency of total Spots obtained in Tween-80 2% (0.56) was higher than the value in the Tween-80 0.2% (0.34) and statistically different. Moreover, there was no significant difference between mutations detected with the Tween-80 0.2% and water (0.33). Urethane at 5 mM increased significantly (p < 0.001) the small single spots, large simple spots, and the total of spots. The induction of the small size clone was more important than that of the large clones. Also the frequency of twin spots was increased (p < 0.01) in the presence of this promutagen. Around and/or low concentrations than LC50 were chosen for all the six essential oils to conduct the genotoxicity experiments. The number of spots as well as their type and size were recorded. Two basic types of spots, single and twin, could be observed in the SMART assay. In our treatments, small single spots predominated; large single spots were rare whereas twin spots were absent. Most mwh clones were small sizes; however, clones that are larger than 32 cells were absent. Among single spots in six different series, only few flr spots were observed; all other single spots showed the mwh phenotype partly because the majority of the clones detected are small sizes and a mutational event at the flr+ does not express itself in clone smaller than a certain size [23] . Moreover, flr 3 probably arises from relatively rare events like point mutations at the locus, interstitial deletions and perhaps double crossing-over [24] . Twin spots are absent, partly because only rare mitotic recombination events which take place between the flr locus and the centromere produce this type of spot [13] .
From the statistically treated data summarized on Table 4 it can be pointed out that, the essential oils tested do not induce a significant increase in the frequency on any of the three categories of spots. Although an increase of the frequencies of mutations was observed with Satureja montana and Artemisia dracunculus essential oils in comparison with the negative solvent control; but this increase in mutant frequency was not considered biologically significant as there was no evidence of a dose-response effect. Also a weak increase was detected with the essential oil from Cinnamomum loureirii at 0.05% that remains not statistically or biologically significant. However, there was no increase of frequencies for other essential oils tested. In addition, a reduction in the rate of spontaneous mutations was observed for these oils, this effect being dose dependant for Rosmarinus officinallis contrarily to Laurus nobilis and Ocimum basilicum oils.
Discussion
After the exposition of the larvae of Drosophila melanogaster to the studied essential oils, a significant toxicity effect was observed. Many of plant secondary products are known for their high toxicity, and they are involved in plant defence mechanisms against herbivores as well as insects. This is the case of essential oils of which the insecticidal action was already demonstrated [5] [25] . In addition, the strains used in SMART assays are characterized by a high level of P450 [21] , which is known for its role in the metabolism of several insecticides and plant toxins [26] .
All the six essential oils tested are not genotoxic. These results are in agreement with the results previously shown by other authors using different assays, which demonstrated the absence of the genotoxicity of a great number of essential oils and stated out that only few essential oils are genotoxic [10] [12] [27]- [32] . But it must be noted that the positive results demonstrating the genotoxic effect of many essential oils were also found [9] . Positive and negative results about some of the oils tested in our study were reported; the genotoxic properties of Artemisia dracunculus and Satureja montana essential oils were studied with Bacillus subtilis Rec-assay and Salmonella/microsome reversion assay; only the oil of Artemisia dracunculus can be active in the Rec-assay but not in the Salmonella test [29] . With respect to our results, the Tarragon essential oil did not confirm its genotoxic potential in the Drosophila wing spot test even if the frequencies of spots detected in the treatments with this essential oil were weakly enhanced, but without statistical significance. Cinnamon bark oil was studied in the Ames Salmonella reversion assay, in the Bacillus subtilis DNA-repair test (Rec-assay) without S9 and in the Escherichia coli WP2 uvrA reversion test, and showed negative results in the 3 microbial test systems [27] . This negative effect of Cinnamon essential oil was confirmed by SMART assay in our study. However, a genotoxic potential of the Basil essential oil in rat hepatocytes in vitro and in rat liver in an in vivo test was demonstrated [33] but not with SMART assay according to our results.
On the other hand, the main components of essential oils have been tested for their mutagenicity by a range of genotoxicity tests, and produced contradictory results. The negative mutagenic effect, which can confirm our results, was found in the Ames Salmonella reversion assay and in the Escherichia coli WP2 uvrA reversion test with methyl chavicol, which is present in both Artimisia dracunculus essential oil at 75.23% and Ocimum basilicum oil at 77.41%, and with cinnamaldehyde, the main compound of Cinnamomum loureirii essential oil (81.66%) [27] [34] . Cinnamaldehyde did not cause any DNA damage in the SOS-chromotest [35] . However, this compound exhibited a weak mutagenic response in TA100 Salmonella strain with mouse liver S9 [36] and gave a positive response in the E. coli DNA repair test [35] . It has been reported that cinnamaldehyde was positive in a Drosophila sex-linked recessive lethal mutation test and in a chromosomal aberration test with Chinese hamster fibroblasts [37] . A positive effect was also detected in the Bacillus subtilis DNA-repair test (Rec-assay) with cinnamaldehyde and with methyl chavicol [27] . 1,8-Cineole, an important molecule found in Laurel oil and even more present in Rosemary essential oil, did not show any mutagenic effect by the Salmonella assay [32] . Thymol was screened for mutagenic activity using the same test; no effect was detected with this important savory oil compound [34] . Thymol was also tested in vitro on human pulp fibroblasts without any genotoxic effect [38] . However, weak significant genotoxic effect was observed in the DNA repair test with thymol and also with carvacrol which is the major constituent of the savory essential oil [35] . In the SOS-chromotest, none of the carvacrol and thymol was positive [35] .
The genotoxicity tests were negative for d-limonene which is present in all essential oils at different proportions [39] . Also, no evidence of myrcene-induced clastogenicity was observed using the rat bone marrow cytogenetic in vivo assay [40] and no mutagenic effect in Salmonella typhimurium with borneol was detected [34] . However, the Terpineol present in many essential oils tested caused a slight but dose-related increase in the number of his + revertants with TA102 Salmonella tester strain both without and with addition of S9 mixture [32] . For their part, methyl eugenol and eugenol did not show mutagenicity in the Ames assay and in the Escherichia coli WP2 uvrA reversion test [27] [34] . In the human pulp fibroblasts in vitro, eugenol did not show any genotoxic effect [38] . But using the bone marrow micronucleus assay in mice, eugenol showed a significant induction of micronucleus in 400 and 600 mg/kg doses [41] . Mutagenic capacity of eugenol was also demonstrated by in vivo eukaryotic assays on mice [42] .
Thus, the evaluation of the genotoxicity of the components of essential oils showed data that can vary according to the organism and the genotoxic assay used. Moreover, the negative results obtained in the present study suggest that the studied essential oils for the tested concentrations are not genotoxic in D. melanogaster. This is not always in accordance with the data of some of their constituents. This can be explained by the antagonistic phenomena when some antimutagenic compounds can be present in the oils tested and oppose the mutagenic effect of other components of the mixture of essential oil. Further experiments are suggested to evaluate possible antigenotoxic properties of these oils or some of their constituents.
